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History
The history of manufacture of holographically patterned grating grooves that are ion-milled into the substrate material is one of many problems for the synchrotron radiation community. Often the delivery times have been unreasonably long; four years is a frequently heard story. We personally know of one researcher who has never had an ion-milled grating delivered while he was still working at the lab that placed the order. Quality has been extremely variable. Some gratings were very uniform and some had only a small percentage of usable groove area. Exotic materials were not available, which was reasonable, since often the vendor was still smarting from his losses on gratings made on more conventional materials.
All of these problems were compounded by the lack of suitable metrology to measure the grating blanks. is not achieved, due to irregularities in the plating, but three to four Angstroms is routine. 2 -3 Simultaneously with this development, the ALS invested 
Sample Gratings
In order to assure that the gratings fabricated at Hughes were suitable for use in the soft X-ray region, LBL ordered two sample gratings from Hughes. These were fabricated on two 2" diameter witness coupons which had been plated with electroless nickel, and polished simultaneously with an ALS water-cooled optical component. These gratings were received within the specified eight week delivery time, and were nominally specified to have 1000 grooves per mm, 100 to 120 Angstroms groove depth, and a 50-50 groove top to bottom ratio. These gratings were measured at the Center for X-ray Optics (CXRO) at LBL,IO and at Daresbury Laboratory in the United Kingdom.II Figure 2 shows a detector scan made at the CXRO of one of the sample gratings made at 110 Angstroms wavelength using a laser plasma soft X-ray source. Clearly demonstrated are extremely low stray light, phase cancellation in the zero and second orders, and good symmetry between the inner and outer first orders. Figure 3 shows data taken at Daresbury
Laboratory at 278 e V photon energy. These data compare very well with the plotted theoretical efficiency using the Neviere theory.
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Excellent performance was also obtained at 400 e V photon energy. Figure 4 shows an SEM photograph of these grating grooves, and Figure 5 shows an SEM photograph of the photoresist lines used to mask the nickel surface for ion-milling. The mask is seen to be extremely clean and uniform. This. uniformity was confirmed in a scanning measurement of the diffraction efficiency at CXRO. In one configuration the grating was observed to have an absolute efficiency of 15% ± 1 % over the whole area of the grating.
The Collaboration
In order to make a significant SIze order for Hughes (on the order of On the basis of the excellent sample gratings described in the previous section, the following grating orders were solicited. ESRF is 6 the Euro.pean Synchro.tro.n Facility. "U" indicates an undulato.r so.urce, and "BM" indicates a bending magnet so.urce. very high quality optics for the holographic setup. Hughes has been able to substitute smaller off-axis paraboloidal mirrors and. folding mirrors that will allow us to start some of the seven planned groove frequencies from 150/mm to 2100/mm. We anticipate that the first exposures and ion milling will occur in the next few weeks. Figure 7 shows a duty cycle calibration made on the new table and setup, and Figure_ 2: Detector scan of diffracted energy from Hughes grating sample using the X-ray plasma source at the Center for X-ray optics at LBL. 
